The dopamine transporter is a key protein responsible for regulating dopamine homeostasis. Its function is to transport dopamine from the extracellular space into the presynaptic neuron. Studies have suggested that accumulation of dopamine in the cytosol can trigger oxidative stress and neurotoxicity. Previously, ectopic expression of the dopamine transporter was shown to cause damage in non-dopaminergic neurons due to their inability to handle cytosolic dopamine. However, it is unknown whether increasing dopamine transporter activity will be detrimental to dopamine neurons that are inherently capable of storing and degrading dopamine. To address this issue, we characterized transgenic mice that over-express the dopamine transporter selectively in dopamine neurons. We report that dopamine transporter over-expressing (DAT-tg) mice display spontaneous loss of midbrain dopamine neurons that is accompanied by increases in oxidative stress markers, 5-S-cysteinyl-dopamine and 5-S-cysteinyl-DOPAC. In addition, metabolite-to-dopamine ratios are increased and VMAT2 protein expression is decreased in the striatum of these animals. Furthermore, DAT-tg mice also show fine motor deficits on challenging beam traversal that are reversed with L-DOPA treatment. Collectively, our findings demonstrate that even in neurons that routinely handle dopamine, increased uptake of this neurotransmitter through the dopamine transporter results in oxidative damage, neuronal loss and L-DOPA reversible motor deficits. In addition, DAT over-expressing animals are highly sensitive to MPTP-induced neurotoxicity. The effects of increased dopamine uptake in these transgenic mice could shed light on the unique vulnerability of dopamine neurons in Parkinson's disease.
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Abbreviations: DAT, dopamine transporter; PD, Parkinson's disease; DAT-tg, dopamine transporter over-expressing transgenic; DAT-KO, dopamine transporter knock-out; VMAT2, vesicular monoamine transporter 2; VMAT2-kd, vesicular monoamine transporter 2 knock-down; MPTP, 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine; DOPAC, 3,4-dihydroxyphenylacetic acid; HVA, homovanillic acid; BAC, bacterial artificial chromosome; FSCV, fast-scan cyclic voltammetry; PTT, 2β-propanoyl-3β-(4-tolyl)-tropane; TH, tyrosine hydroxylase; SNc, substantia nigra pars compacta; VTA, ventral tegmental area; L-DOPA, L-3,4-dihydroxyphenylalanine.
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